The human interface design for household appliances is becoming far more difficult than that in the past, because they have so many functions that the users could not remember all of their operations as well as the size is so compact that enough buttons, switches, and/or displays could not be placed on the control panel. The paper proposes a novel idea of human interface named Push like talking for such appliances, which could be a new design paradigm for the human interface of future electronic/information appliances. The PLT is applied to a human interface of a multi-functional telephone. Then, the evaluation shows the possibility that the PLT paradigm would provide a manualless human interface for appliances in the future.
. Introduction
Household electronic appliances have become very complex in the sense that they have many functions so that the users could not remember all of them and their operations. In addition, their size has become so compact that enough buttons, switches, and/or displays cannot be placed on the control panel. Thus, the human interface design, the design of the interaction, the control panel, etc., has been far more difficult than in the past. As the results, our houses are flooded with convoluted appliances these days [1] [2] [3] .
Human Interface, the field where a system and the user face each other for the communication, could take a wide variety of styles depending on the characteristics of the system and its preferable interaction. In the case of relatively simple appliances, the ergonomic and cognitive approach works effectively. However, in the case of highly complicated systems integrating a computer chip, it is almost impossible to design an easy-to-use system only by devising the control panel and the interaction [4] . A user support system incorporating intelligent information technologies could work effectively in this type of appliances.
The household appliances that the paper has chosen as targets were not so complex in the past. Thus, the human interface guidelines based on ergonomics and cognitive science seemed to function well [5] . However, they are now very complex enough to need an operation support system. Nevertheless it is virtually impossible to design the orthodox interactive user interface as in the literature [6] , because they do not have input/output equipments such as a keyboard, a mouse and a large display. There are some appliances that employ a voice recognition system. However, the users must suffer from the burden to remember available words in the same way as the command interface a decade ago, if it is just a word recognition system. The more advanced natural language understanding is inadequate for this type of interface as well as multi-modal interfaces [7] and life-like agents, because they need much more computational resource than the appliances have.
The paper proposes a new human interface paradigm called "Push Like Talking" for multi-functional electronic appliances which have relatively a small body and a small display as well as a computer chip in it [8, 9] . The final goal of PLT is manualless operation by beginner users. To achieve the goal, PLT employs two techniques called linguistic metaphor and intention reasoning both of which are developed for this goal. Then, the paper applies PLT to a multi-functional telephone as an example, and evaluates the effects of the new interface paradigm.
The rest of the paper is as follows: the basic concepts and the approach to realize PLT are described in the next section. The design of a multi-functional telephone based on PLT is outlined in the 3rd section. In section 4, experiments are conducted to evaluate the capability to call up the functions which the user wants. A comparison with a multi-functional telephone in the market is also described. As the results, it is shown that the proposed human interface paradigm has a good capability to the final goal of manualless operation.
goal." The action is divided into two parts of stages called "execution" and "evaluation." Each part is composed of three stages: the execution is of "forming the intention," "specifying the action" and "executing the action," and the evaluation is of "perceiving the state of the world," "interpreting the state of the world" and "evaluation the outcome." The model is developed in a abstract level from the cognitive point of view, and is utilized to analyze the interaction between a system and the user.
In the case of multi-functional appliances, the user's goal could be divided into two subgoals: one is to call up a function among many which satisfies the user's goal (Function Call), and the other is to input detailed information necessary to use the function (Detailed Information Input). The interaction could be also divided into two phases based on the subgoals: interaction for FC and one for DII. Though the interaction of appliances in the market are not necessarily divided into those two phases, it is appropriate to do so, because the preferable initiative of the interaction is different between the two phases as discussed below.
In the phase of FC, the user usually opens the interaction. Her first subgoal is to call up the function that meets the final goal by informing the appliance of the goal. Thus, in general, it is preferable that the user take the initiative of the interaction in the sense that she is both the interaction opener and the informer.
The subgoal can be achieved by the menu interaction, a typical interaction method for the system to take the initiative, when the number of functions is not so many. However, it comes to grief easily, if the appliance has dozens of functions and a small display. It is not an easy task to develop a narrow and deep, but a good hierarchical menu in the case with many and complex functions. The developed menu tends to be confusing, and the users suffer from so called the "gulf" between two stages in the Norman's model.
In the phase of DII, the users usually do not know the exact information which they must provide the appliance with. Thus, it is natural that the appliance takes the initiative of the interaction. In addition, the information given in this phase is usually concrete and in detail. Choices of a parameter is typically less than several. In these cases, the menu interaction is suitable and works effectively even if the display size is small.
As discussed above, the main problems of interaction in multi-functional appliances are in the phase of FC. Thus, the paper proposes a new approach called Push Like Talking to solve them.
Outline of Push Like Talking
There are two problems which the user faces in the phase of FC. One is whether or not there is a function that meets the user's goal, and the other is how to call up the function if there is. It is widely known that functions should correspond one-to-one with buttons [1, 4] . It would also be better that functions correspond one-to-one with the user's possible goals. However, even if the rule of one-to-one correspondence is kept, it is still a difficult task for the user to find the function corresponding to her goal, and to discern the button corresponding to the function from the others only by seeing the attached simple words. For example, the word of "message" is ambiguous in the case of multi-functional telephone, because it may mean the caller's message or the recipient's one.
There are many appliances which do not keep the oneto-one rule, because there is no room on the control panel to place an enough number of buttons. Some of them introduces a sequence of button pushes and/or a long push to call up a function. However, they impose a burden on the user to remember the operation. Introducing different operation modes is also popular, but it tends to cause unconscious errors if they are not inevitable [1] .
The paper proposes PLT to solve the above problems. PLT is used in the phase of FC, and provides the user with her intended function by the interaction called linguistic metaphor and the technique of intention reasoning. Intention means a function that meets the user's goal or a function that the user wants to call up in the rest of this paper.
Linguistic Metaphor
Even in the case of multi-functional appliances, the range of functions which an appliance has is limited, and so is the set of words used to represent the users' intentions. Thus, it might be possible for the user to represent her intentions by pushing buttons with a word, if the necessary words are chosen carefully and are assigned to buttons. We propose the human interface paradigm where the user utters her intention by pushing buttons with a word and the appliance infers the user's intention. Since the interaction is done with buttons with a word, it is called linguistic metaphor.
The number of available words would be smaller in the linguistic metaphor than that of a usual voice recognition system. However, it has a merit that the system provides the user with a menu of available words. The word menu is considered very helpful especially to novice users, because it is not easy for them to recall words to represent many complex and confusing functions. In addition, the word menu might give them hints to judge whether or not the appliance has a function that meets their goal.
When a person utters her intention in the everyday life, she can choose one of many expressions. Thus, PLT never makes the user push a predetermined sequence of buttons. It allows the user to utter or to push buttons freely in the feeling to talk her intention. The restriction is just one: the user should push buttons so that the appliance could understand her intention.
Intention Reasoning
An utterance is caused by the intention in general. Thus, the relation between intentions and words in the utterances could be modeled by causalities [10, 11] . Since the causalities are not physical but cognitive, they inevitably include uncertainties in general. Then, it would be possible to reason the user's intention from her words, if the uncertain causalities between the possible intentions and the possible words are modeled. Furthermore, intention reasoning which is not affected by the order of words can be realized, if the words are dealt with not by a sequence but a set.
The paper models the causalities using a possibilistic causal model and reasons the user's intention in a possibilistic way [12, 13] . The reason why possibility [14, 15] is used instead of probability is that possibility is essentially an ordinal and qualitative scale of uncertainty and is suitable for calculation employing subjective uncertainties with errors [16, 17] (However, the usage of possibility instead of probability is not the main proposal of the paper. The paradigm of PLT could also be realized using probability theory, if precise probabilities are given). Now, the intention reasoning with the possibility theory is outlined below (see references [12, 13] for details). The possibilistic causal model is defined by
where U u 1 u N is the set of the user's possible intentions (functions), V v 1 v M is the set of possible words, Π m is a possibility distribution
M. v j is the negation of v j . The literatures [12, 13] suppose that multiple elements (causes) of U can be present simultaneously. However in the above, the model is simplified in the sense that only an element (intention) becomes present. Thus, the possibility of u i is given by Π´u i µ Max k i Π´u k µ. In addition, the causation events proposed in the literature [18] do not have to be introduced to express the uncertainty of causalities.
Given the model, the possibility that the user's intention is u i in the situation where she finished the operation to push buttons of v 1 v m is given by the next equation.
In the above, means a conjunction when used in logical expressions, while it does minimum when used in calculation of possibilities. Then, the possibility that the user's intention is u i in the situation where she has pushed buttons v 1 v m but is in the middle of the operation is given by the next equation.
The values of Π´v j µ and Π´v j µ are obtained as follows:
The intention is reasoned by calculating Pos F after the user finishes the operation, and the function with the largest possibility is judged as the user's intention. There may be cases where multiple functions have the same largest possibility or no function has a large possibility, when the information given by the pushed buttons is insufficient or contradictory. Such problems are solved by reasoning with a small device or by a simple interaction as described in the next section. Possibility Pos H is also used in the real interaction.
Implementation of Multi-Functional Telephone with PLT
A prototype of multi-functional telephone was designed and implemented on a personal computer to evaluate the effects of PLT paradigm. The section describes how the prototype was developed.
Note that the prototype is developed with the assumption that the users are Japanese. Thus, the actual words used as elements in the set V are Japanese. They are translated into English in the paper. However, they may seem strange to the readers due to the difference between the two languages in representing functions of the telephone as well as in orders of parts of speech, ambiguity of words, etc.
Design of Prototype
At first, 38 common functions to be implemented are determined based on those of multi-functional telephones in the market (see Table 3 ). Then, 19 words for the interaction are chosen from the manuals and answers to a questionnaire asking linguistic expressions about the functions in the daily life. The questionnaire is designed not to use candidate words in the questions, because the respondents tend to answer using words appearing in the questions.
The control panel has 19 buttons with the chosen words, twelve numerical keys (0 1 9 # £) and three extra buttons of "receiver", "hands-free" and "end-ofoperation" (see Fig.1 ). The "receiver" and "hands-free" buttons are used to change modes explained later as well as "hold", "forward/transfer" and "auto-answer" (In Japanese, "forward" and "transfer" are usually represented in a same word. The auto-answering function is represented by a word meaning house-sitting or stayingat-home). Though "end-of-operation" is actually unnecessary, this was added for convenience of experiments.
The control panel was designed in the following way. "Receiver" was placed at the left side in a similar manner to many phones in the market. "Hands-free" is close above to "receiver", because they almost have the same function except that they use a different speaker and a miVol.10 No. 6, 2006 Journal of Advanced Computational Intelligence 3 and Intelligent Informatics crophone. The three other buttons related to the mode change are at the upper left, those used as an object to represent the user's intentions in Japanese are at the upper right, those used as a verb are at the lower right, and those related to the basic functions of dialing are placed just on the right side of numerical keys. If the user pushes the buttons based on Japanese representations, the button operation would flow from the upper to the lower. When the user pushes a button, it's color turns pink to show that it is already pushed except for the numerical keys. She could cancel the push by pushing it again.
The possible operations to represent the user's intention are decomposed into 22 acts: the pushes of the 19 buttons and three kinds of dialing, which are "outward dialing" (pushing more than six numerical keys successively), "extension dialing" (four numerical keys), and "abbreviated dialing" (two numerical keys). The telephone has six modes that are exclusive and exhaustive: "incoming", "auto-answering", "forwarding", "unconnected", "connected" and "holding." The former three are grouped into "hung-up" modes and the latter three are "off-hook" modes. The transition of those modes is shown in Fig.2 .
The current mode of the telephone is displayed above the "hands-free" button. The buttons of "hold", "forward/transfer" and "auto-answer" turn red in the modes of "holding", "forwarding" and "auto-answering", respectively. The "bell sound" in Fig.1 are replaced by "voice sound" in the modes of "unconnected", "connected" and "holding."
Development of Possibilistic Causal Model
The sets U and V in the possibilistic causal model are the sets of 38 functions and 22 acts described in the previous subsection, respectively. Possibility distributions are given in the following way: first, probabilities P´u i µ and P´v j u i µ are obtained in the way explained later. They are transferred into possibilities Π´u i µ and Π´v j u i µ, Π´v j u i µ in the way proposed in the literature [17] . Then, the possibilities are classified into several grades, and are tuned through reasoning experiments so that the intention reasoning would work well.
The obtained possibilities are shown in Table 1 (1) Calculation of Π´v j u i µ and Π´v j u i µ
The telephone designed is shown to test subjects (22 males and females between 10's and 60's.) and they are asked which buttons they would push when they have the intention to use function u i . The words on buttons are not used in the questions in the same reason stated in the previous subsection.
Let N be the number of all subjects and n j be the number of subjects who push button v j when they have the intention to use u i . Then, the probability that the user pushes v j with the intention u i is P´v j u i µ n j N. The possibilities are derived using the following probabilitypossibility transformation [17] .
Note that the value of either Π´v j u i µ or Π´v j u i µ is 1.0. (2) Calculation of Π´u i µ P´u i µ means the probability that the user uses the function u i in the everyday life. Since it costs pretty much to get the probabilities through experiments, we give subjective ones and transform them into possibilities [17] .
Then, the obtained values are also rounded up into one of the above seven grades.
Intention Reasoning and Interaction
In the process of user's operation, PLT reasons the user's intention using Eq.(3) every time she pushes a button. Then, the most possible functions are listed in the display, if the number is less than or equal to eight and the possibility grade is greater than or equal to LP (low possibility). Typically, the number of possible functions decreases every time the user pushes a button. The user could choose the intended function by pushing a numerical key if she find it in the list even before pushing "endof-operation" button.
After the user pushes "end-of-operation", the possibil- ities are calculated using Eq.(2). If only a function has the largest possibility more than or equal to MP, the function is concluded to be the user's intention. If there are multiple functions with the maximum possibility or the maximum possibility is LP, they are displayed as a list of the user's possible intentions. The user could choose the intended function, if she find it in the list. When the intended is different from the concluded one or is not in the list, the intention reasoning is failed.
The reasoning may give us the result that no function has a possibility more than NP. In this case, PLT assumes that the user has pushed a wrong button or forgotten to push an important button. Then, it re-reasons the user's intention again based on the assumption, namely with 
. Experiments and Evaluation
The section describes two kinds of experiments to evaluate the capability of the PLT-based human interface (hereafter called the PLT). One is experiments to evaluate whether the users can call up their intended functions without manual, and the other is for comparison with a multi-functional telephone in the market. Since the PLT is developed as a computer program, the operation is done by clicking buttons on the display instead of pushing them.
Experiments and Evaluation to Call Up Func-
tions of the PLT The PLT has six modes and 38 functions. Considering the possibility that each function may be intended in every mode, the number of combinations amounts to 228. However, since many of them are non-realistic, we developed four scenarios to use the PLT, in each of which every function is called up in a natural mode and in a natural order. The experiments are conducted using a randomly selected scenario.
Experimental subjects are fifteen students between 20 and 24 years old. All of them have a cellular phone but are unfamiliar with stationary multi-functional telephones. Before the experiments, the basic idea of PLT is explained to the subjects and it is informed that the PLT has functions which the common multi-functional telephones have. However, they do not know the detailed functions at all as well as the procedures to call up them. The subjects operate the PLT for the first time only with little information about the functions and without the manual.
The directions to the subjects are given in a window next to the PLT on the display by showing sentences in one of the scenarios. The directions are shown one by one per function. The words on the buttons are not used in the directions as few as possible (See Table 2 , though the original directions are in Japanese).
The results of the experiments are classified into successes or failures: success if the subject can call up the directed function, and failure otherwise. The success includes cases where multiple functions are listed and the intended function is in the list. There are cases where the subjects do not understand the functions or the directions. Those cases are treated as voids.
The results are shown in Table 3 . "Number of Successes" means the number of subjects who successfully call up the function. "In operation" is the cases where the subjects call up the function before pushing "end-ofoperation", and "After operation" is the other cases. The successes in both cases are classified into three groups: cases where the right function is concluded (Con), cases where a list of functions including the right one are obtained by the first reasoning (Lis), and cases where the list is obtained by the re-reasoning based on the assumption that the subject makes a mistake (Re).
The cases where the subject cannot call up the function are classified into two groups: one is the void cases where they do not understand the direction, and the other is the failures where they understand the direction but cannot call up the function.
The table shows that the subjects can call up almost all the functions (496 cases among 512 trials, 96.9%), if the cases with voids (58 cases) are excluded. Even if they are recognized as failures, the success rate comes up to 87.0% (496 cases among 570 trials). Thus, we could conclude that the PLT has enough potential as a human interface for manualless operation of the multi-functional telephone.
What should be mentioned here is that the experimental results are strongly dependent on the possibilities given in Table 1 . The values in the table are those obtained by tuning so that the success rate would be high. Actually, high necessities are hardly used, and low possibilities are given to causalities between causes and effects if just a little possibility seems to exit. The tuning has some effect to prevent the intended function from being eliminated from candidates even in the cases where the user does not push a button necessary to the function, or where she pushes buttons irrelevant to the intended function.
The tuning, on the other hand, has a side effect on the Vol.10 No.6, 2006 Journal of Advanced Computational Intelligence 7 and Intelligent Informatics capability to narrow down the candidates. Actually, the number of "Con" cases in Table 3 (183 · 46 229) is smaller than the number of "Lis" cases (231 ·34 265).
In many cases, the user must choose the intended function from a list of candidates rather than she expects the intended function to be concluded. Since the side effect may give a negative effect on the impression about its usability, it is examined as well as the success rate in the comparison with a multi-functional telephone in the market through the experiments in the next subsection.
Comparison with Telephone in the Market
The experiments are conducted to compare the PLT with a multi-functional telephone in the market (hereafter called TIM) about the success rates and the impression of their usability.
We bought a few TIMs, and chose one (Pioneer TF-EVH133-s) for the comparison. The reason of the choice is that it seems the only one among them that the beginners could use most of functions including parameter setting without the manual. What makes us think so is the talking guidance installed in the TIM. The others have the conventional interaction style with a small display and many buttons, and seemed to be almost impossible to use them without the manual.
The talking guidance in the TIM explains how to call up functions, though it does not cover all the functions. When the user pushes the button with a Japanese word corresponding to "function" for example, it says in Japanese "I will support the configurations. Please input double-digit number, or push 'abbreviated' if you want to register an abbreviated dialing number." At the same time, the message of "Push 01-15" is displayed on the small display. If the user pushes "01" for example, it says "You can choose a bell sound. Push one-digit number. At the end of operation, push 'function' again. If you want to check the registered sound, push # button."
The TIM has 60 functions except for ones for remote control from a codeless handset or a external phone. The number of buttons on the control panel is 24; a half are buttons mainly for the numerical keys (0 1 9 # £) and the other half are only for the operation. Each button has multiple words or icons, since it is used for multiple purposes. The total number of words and icons on or beside the buttons is 32. The number does not include the 12 numbers and symbols on the numerical keys. If we measure the complexity of the interface by the ratio of functions to words and icons on/beside the buttons, it is about 1.9 ( 60 32). The ratio of the PLT is also 1.9 ( 38 20), if the numerical keys, the receiver and the endof-operation buttons are excluded. The two telephones has 25 functions in common.
The test subjects are 20 students between 21 and 28 years old. None of them are a subject of the experiments in the previous subsection. All have a cellular phone, and two of them utilizes a stationary multi-functional telephone different from the TIM in the daily life.
The subjects are classified into two groups A and B, each has 10 members. Then, subjects in A conduct the experiments described below in the order of TIM-1, TIM-2, PLT-1 and PLT-2, and ones in B do them in the order of PLT-1, PLT-2, TIM-1 and TIM-2. The experiments are conducted with a week of interval. Thus, the last experiment is done three weeks after the first one. Unfortunately, some subjects pulled out from the later experiments (see Table 4 for group A, and Table 5 for B).
(1) TIM-1: the subjects operate the TIM which they see first without the manual and the practice. It is informed to them that The TIM has the talking guidance and that it starts talking when they push an appropriate button. After the experiments, they practice the operations until they think that they understand them.
(2) TIM-2: the subjects operate the TIM again without the manual. The experiments are the same as TIM-1 except that it is the second time.
(3) PLT-1: the subjects operate the PLT that they see first without the manual and the practice. The basic concept of the PLT interface is explained before the operation. After the experiments, they practice the operations until they think that they understand them.
(4) PLT-2: the subjects operate the PLT again without the manual. The experiments are the same as PLT-1 except that it is the second time.
In the experiments, the subjects try to call up the 25 common functions. Two scenarios for the experiments are developed. One is used in TIM-1 and PLT-1, and the other is for TIM-2 and PLT-2. The directions given to the subjects in the previous subsection are carefully improved so that the void cases would be as few as possible. Words that appear on both of the control panels are allowed to be used in the directions.
In each experiment, the subject can tries to call up the directed function three times. If she calls it up within three trials, it is regarded as a success. Otherwise, a failure. This is because the PLT is devised to call up functions which are seldom used but are crucial when necessary.
The results of the experiments are shown in Tables 4 and 5. The columns TIM-j and PLT-j show the results of the corresponding experiments. NoS and NoF represent the numbers of successful subjects and failed subjects for the relevant function "u i ", respectively. The successful subjects are classified into three groups; 1st, 2nd and 3rd, which show how many trials they need to succeed.
From the tables, we could see that the success rates of the PLT are higher than those of the TIM in all cases, namely in both groups of A and B, and in both cases where the subjects operate them for the first time and for the second time. The t-test (one-tailed test) results about the success rates between TIM-1 and PLT-1 in group A, TIM-2 and PLT-2 in A, TIM-1 and PLT-1 in B, and TIM-2 and PLT-2 in B, all of them reject the null hypotheses at the p-values of 0.000, 0.001, 0.000, 0.013, respectively. The results shows that the usability of the PLT is higher than that of the TIM as far as the manualless operation to call up the 25 functions are concerned, though there are various differences between them and the direct comparison might not be necessarily fair.
Functions for which the TIM provides the talking guidance are u 1 , u 2 , u 9 , u 10 , u 11 , u 17 , u 18 and u 33 among the 25 functions. Some of them seem impossible to be called up without the guidance. However, the success rates of these functions are not necessarily higher than those without the talking guidance. The reasons might be 1) the synthesized Japanese speech sound is not easy for subjects to listen to , 2) some explanations are difficult to understand what they mean, and 3) the subjects cannot listen to the talking guidance unless she pushes the right button for the intended function. The success rates of functions which need a particular operation such as "long push" and "double push" are low.
After the each experiment, the subjects are asked to answer some questions in five grades from 2 to ·2.
The questions are "How much did you feel fun?", "How easy was it to use?", "How less were you puzzled?" and "How is the overall evaluation about the operability?" in the cases after TIM-1 and PLT-1. The third is replaced by "How easy do you think is it to use, if you are accustomed to it?" in the cases after TIM-2 and PLT-2. The averages of the answers are shown in Table 6 . Looking at the averages of all subjects (A and B), there is no positive evaluation in those of the TIM. On the other hand, all evaluations but one are positive in the case of the PLT.
Note the values of "How less were you puzzled?" and "How easy do you think is it, if accustomed?" The average answers to the former question are negative both after TIM-1 and PLT-1. However, the average answer to the latter question after PLT-2 is positive quite large, while the average answer to the same question after TIM-2 is just 0.0. This fact states that the subjects who were puzzled by the novel operation of the PLT at first think that it would be easy if they are accustomed to it. Thus, the side effect mentioned at the end of the previous subsection does not seem to give a negative effect on the impression about usability.
As for the other average values in Table 6 , they seem almost compatible with the success rates in Tables 4 and 5.
Conclusions
The paper proposes a new human interface paradigm called Push Like Talking for household electronic appliances with many complex functions and a relatively small body. PLT is a general-purpose human interface paradigm or design methodology for complex appliances for which Vol.10 No. 6, 2006 Journal of Advanced Computational Intelligence 9 and Intelligent Informatics Table 5 . Results of comparison with telephone in the market (Group B). Table 6 . Results of questionnaire to subjects. the designers could not design an easy-to-use interface only by devising the control panel and the interaction. With an appliance with PLT, the user does not have to remember the operation procedure. What she has to do is to "tell" her intention by pushing buttons with a word as if she talks to the appliance.
The paper applies the proposed PLT to a human interface of a multi-functional telephone and evaluates it by comparing with a telephone in the market. Though a simple comparison is meaningless due to the various difference between the two telephones such as numbers of functions, buttons and words on the control panel, the size of the display, etc., it is shown that the users can call up most of functions of the PLT even when they use it for the first time without the manual and that they think it is rather easy to use it if they are accustomed to it.
There may be a few remaining issues, because all subjects could not call up all functions and the average answer to "How less were you puzzled?" was negative. The possible reasons of the above seem the difficulties for beginner users 1) to find and memorize available words in the short-term memory and 2) to describe the intention with the words in their mind.
A possible answer to reduce the above two difficulties is the separation of buttons (words) into two groups; one contains buttons that may be pushed first, and the other contains the others. Then, when the user pushes one in the first group, the system starts guiding the user by changing the color of buttons that possibly follow the previous one.
There may be other issues for skilled users. One is the problem that the skilled users are irritated at pushing multiple buttons. Another is that when the system reasons functions different from the user's intention, the user may remember the wrong behavior of the system and utilize it to call up her intended function.
The possible answer to those issues is the incorporation of a learning mechanism. It might be possible to tune the possibilities used for reasoning so that the right function would be positioned at the top of the list of possible functions with fewer operations of buttons.
The further research would increase the capability of PLT to be applied to more complex appliances. Actually, the recent intelligent appliances such as DVD recorders and car navigators have far more functions than multifunctional telephones have. A new methodology or technique to enlarge the ratio of functions to buttons/words would be necessary to apply PLT to such very complex appliances.
